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(54) Tide: HIGH-STRENGTH STEEL PROD UCT EXCELLING TNFATTrHTF 5STl?F^^flTH ANTPP.fXTFPKF^Pi ^^^^Urmfi 
THESAft 

(54) ffij»%SrciBnfc«!iJSM«tfe^ J;U:'e(DSit^^ 

(57) Abstract: A high-strength steel product having excellent strength and fatigue strength such that the base metal strength is 1000 
MPa or greater and the rotating bending fatigue strength 550 MPa or greater. In particular, a high-strength steel product comprising 
0.3 to 0.8 mass% of C, 0.01 to 0.9 mass% of Si, 0.01 to 2.0 mass% of Mn and the balance of Fe and unavoidable impurities, wherein 
the steel structure is a ferrite/cementite structure of 7 // m or less grain dizimeter or a ferrite/cementite/pearlite structure of 7 // m or 
VO less grain diameter. Further, the surface layer part thereof after high-frequency hardening has a martensite structure of 12 /i m or 
IT) less old austenite grain diameter. Alternatively, the surEace layer part thereof after nitiiding has a fine ferrite structure of 10 /( m or 
less grain diameter. 

O (57)S«i«I:««^®A<1000MI>aJa±T?. I5|ett(flS»aaA<550Ml>aJit±i: l^•5. ffi+lfcS^atffi^Sfia^flfli-Jt 
O "3S^SSi*t$Stt-^'-5o C : 0.3 ~0.8mass%. Si : 0.01~0.9 massWfcJilXMn : 0.01 ~2.0 mass%$$^ U . JSSS 
fS liFefc^ J: l/^pjgMTttiaoDfflfiKlc-r Static, IHfatfi^, as? i<mlilT<D:?i^-(' ht-tr/^^'i' hlfl». % 

:t--XT-*--f h»gl2//miaT<DT;i,TF>-!*-'f Haftlfr*. *fcl*» afl:«i3S«<Da»SfC!)3;i9-f hffittO!>tt 
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«sjx.{^#fp:Scifei (Jif*. Ai. N, Ti. zr*5J:tJ«s^<^^^^^5i^lc^Sbfc_h-c% a 
So L3&»L. ;io:fer&-eri. |gS^3S«<^l::*:fiil* 770MPaS*l^-m*, «ia©fttflS?3^3fi 
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:Lt\z^y)^ S^g^siooo MPaj2X_h-e. lil$5A(fg!^§tS;as 550 MPaet_h^:v>5^ ■SttytSS 

mKMx.x. 55o~7oo x:(Dm.mmx\ m^i.o &.±<DMJi^m-r:zti!)^mmtti:^o 
^WimKx^ft^ifxit. ^<om(D^m^^7<n\^X':>xm^mi!fmM\:.'r^<Dx. ^^mmn)^ 
(5) ^s^mm^n-ox, mM^. 'W7^'7^ vfmxi^<. m-^^^^^^ hib^^^-r 

(7) »H-©3^^ii^^iS[^{--r'5i:. ^s*3j;tj^^5S£i[;65*i^[^ji-r5^^ ^c^^x mm 
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(8) fife^iS^SrffoT, mmmt:. mSS^^zx^^^ h1tnxi3i<. mSB-fe^i^^^ Vifi^-t 

1 . C : 0 . 3 ~0 . 8 mass%^ 

Si : 0.01~0.9 inass%*5j;t;« 
Mn : 0.01~2.0 mass% 

Sr-^^u. m^\i^T&^i:xj^-^mm^mii<Dmm^^y) . wm^. mmit? nm&rfto 
^^•^^^ }.mmxh^ r t t:!i^mt-r?>m^mm^mntcWimmmUo 

2. 1 (^>i3^^lC*5V^Ts ^ibi^ 
Mo : 0.05 — 0.6 mass% 

3. 2<DmUi^^^^X. 

Al : 0.015 ~0.06inass%^ 

Ti : 0.005 ~0.030 inass%v 

Ni : 1.0 mass%£tT. 

Cr : 1.0 mass%JsATx 

V : 0.1 mass%JeJ!.Tv 

Cu : 1.0 niass%|JtT» 

Nb : 0.05mass%£tT, 

Ca : 0.008 mass%£ilT*5 itJ? 

B : 0.004 mass%ei.T 
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Al : 0.015 ~0.06mass%, 
Ti : 0.005 ~0.030 mass%^ 
Ni : 1 . 0 mass%£JlTx 
Cr : 1.0 niass%£>^T^ 

V : 0.1 inass%£AT> 
Cu : 1 . 0 mass%JsiT^ 
Nb : 0.05mass%£ilTv 

Ca : 0.008 niass%^JJlT*5 
B : 0.004 mass%i^>^T 

8. 7o^*^^c*5v^-c. ^biz. 

Al : 0.015 ~0.0eniass%^ 
Ti : 0.005 ~0.030 mass%^ 
Ni : 1.0 mass%JJiT^ 
Cr ; 1.0 niass%eAT» 

V : 0.1 mass%|j;Tx 
Cu : 1.0 mass%£AT^ 
Nb : 0.05mass%iJiT> 

Ca : 0.008 mass%SXT^i.XJ^ 
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B : 0.004 mass%eAT 

1 0. C : 0.3 ~0.8 inass%^ 

Si : 0.01~0.9 mass%*5j;tK 
Mn : 0.01~2.0 inass% 

Sr'^^u> nm±^&iiii-a^^-^Tmi^w&(ommz.tj:^m^u^s 550-700 v,<Dm. 

11. 1 0 ^^:*3V^T. ^^*t:6S. 
Mo : 0.05~0.6 inass% 

12. 1 l^C^3V^Til^W. 
Al : 0.015 ~0.06niass%-, 
Ti : 0.005 ~0.030inass%^ 
Ni : 1 . 0 mass%iJtT^ 

Cr : 1.0 inass%iJi,T> 

V : 0.1 mass%£AT^ 

Cu : 1.0 mass%|stTx 

Nb : 0.05mass%£tTx 

Ca : 0.008 mass%£jtT*5 iTJ' 

B : 0.004 inass%]BjlT 

13. 11 jj:*5V>-c> 

S9*$t^> 550~700 x: 
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14. 1 3lZ.m^X. m^Ui^s ^biC 
Al : 0.015 ~0.06mass%^ 

Ti : 0.005 ~0.030 mass%« 
Ni : 1.0 rtiass%^Tx 
Cr : 1.0 taass%£iTx 

V : 0.1 niass%£;T, 
Cu : 1 . 0 mass%£JlT^ 
Nb : 0.05mass%£ilT. 

Ca : 0.008 mass%eilT*3 itJ* 
B : 0.004 mass%Js;T 

15. 1 lfC*5V>T. 

mmut:. 55o~7oo 'c<Dm.&i^x\ m^^^i.o &.±<DMj:^m\^. u/i^s^ic^ji 

16. 1 5^^:*5V^-c, §55 

Al : 0.015 ~0.06mass%s 
Ti : 0.005 ~0.030 mass%^ 
Ni : 1.0 mass%^T^ 
Cr : 1.0 mass%£;T* 

V : 0.1 niass%£ATx 
Cu : 1 . 0 mass%£j^T^ 
Nb : 0.05mass%UAT^ 

Ca : 0.008 mass%£tT*5J;U^ 
B : 0.004 mass%SAT 
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C : 0.3 '^0,8 inass% 

Q.Bmass%^m^^tmm-^m.m^^s ^5tttoig;T^«<'^-e. cmt o.3~o.8 

Si : 0.01~0.9 mass% 

TJ«lgitttO<£T^ffi< (^-e. SiS{±0. 01—0.9 mass%0®ffliJ:|S;tbfe„ 
Mn : 0.01'^2.0 mass% 

Mntt. ^ft(D|^±:/S!Jf^55;< , |^^!tS(^|fiI±lJ:^|"^lC^-%.-r5:5^ -&^SdS0.01niass% 

Mo : 0.05~0.6 mass% 

0.05mass%^j^>^i:i--5;55^ 0 . 6mass%%j^;tX^J!JD-r-5 t WJttO^Mb^^S < ©-C. Mo 
S:ii0.05~0.6 mass%(DfSHl2:|S^Ufeo 
Al : 0.015 ~0.06inass% 

Aitt. ^©jUimj^Jt UTf^ffi-rSo b;&*b«;36sp,^ -^^TSJiS o.Ol5^lass%^::^Sfc/j;v^i: 
■?:©mAB^*lc:^U< . — :^0.06mass%^jg;t5 tm\^^ ^XJ^Mmmm(Oi&,T < <0 
X\ Alftf* 0.015~0.06mass%©$£ffl{i:K3tb:fco 
Ti : 0.005 ~0.030 inass% 

3^&ll*#Sfc*l;if*iI?<(;< i: t 0.005mass%<Z?Sfe!jpSrjej;Si:i-S;JS, 0.030 mass%Sr@ 
^T^Di-St2g!^§S^(DiSTSr*B<<^-C. TiSfi 0.005~0.030niass%O|5ffllc:|5SjtU 
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Ni : 1.0 mass%£;T 
Cr : 1.0 mass%JsilT 

m^mim<D±^^mMv. m.ms^&^^T^'^. '^fcmmm&<Dj&rhm<(ox\ i.o 

mass%£ATfclS3t Ufc„ 
V : 0.1 ma3s%eAT 

Xh^ii^s 0.1 mas3%^m^XmWXh^§}^i)^mu-r^(DX\ 0.1 mass%ij;Tl-PSJtL 
Cu ; 1.0 mass%£;T 

^J:^s mTt:dmmttJ:^(DX\ 1.0 inass%OTt-|5S^b:^Co Nb : 0.05mass%OT 
Nb«, 4ffmie:J;«5 7in^^ h*feSrif i^c^^^-iJ^i-S^^^s^bSiiS^ o.05mass%^S:j@^-C^ 

VXh^<D^m^^m-i-?> (DXs 0 . 05mass%£tTlJ:|S:t V1t„ 
Ca : 0.008 mass%JSAT 

Ca«. 3g?S^#'I4Sr5fc»i-6^ffi55m-C'^5 6^5^ 0.008 mass%^M;t 

xmM-r^ t:!t^m7!>^m:ki\:.\^s ^frlw3SSi^#te%^'fb$-^SMiRifcfes©-e, o.oo8mass% 

B : 0.004 mass%£ilT 

0.004 mass%^®;tXm>!iqb-C'b-?:<^^;i:(:it&fp-t-S03-e. 0.004 mass%Ji^Tl;:|?B;t L 
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mM:iK 7jum UT(D:7,^^^ ht-fe^i^^-f hmmt.tcmnm SXT(D-7:^v-^ hi:-ferp{ 

(D'7aL^>f ht±^>^^ hiiy<-7^ hmm-^^^^t. :^mmx\Bmx-h?>iooo kbslsi 

"t^^^^ hty<—7^ hmmx^\r^t. ^mmxBmx'tb?) 1000 MPaet±o3©«-§is*s 
"kit, miii-r^±?i>^^ h<D& m^^m) i^^mi^^m ( voi%) X4%sx±fr^ 

J6i;J^©W«amf*7cc7'f h-efeSo ^(r>-73^'7^ SpxtifiS»©m^;6*b4o voi% 

550—700 X.<r>m:^i$.x. m.Ws.,^ ^J.yL(r>niL-^M-t^h\z.ii'oX. UWi'!:M^:z.h.is^x 

9 



wo 2004/065647 



PCT/JP2004/000039 



m:t-':^T-i--( hf^^nnzum £^T-C;S:v^^:, *^PJ-eg:go 800 MPaJJt_htVN5i«v> 
hn-mtl2nm BATi-RS^Ulfco ^?*L<«5Mni ^T-CfcSo 

^O^Ji^iiai^lJ:*5tt57ai7-r hm^tilOMin gjlTt-iS^tbfco n-^\^<\tbnm ijiT-e 

t?fi. mMi>^MJLmM(D^^X\ — Jnx?iJf;OS 700t:Srj@^S i:Jg^JK[ 

mt^lfim atJfcUv ^{il?^»bb>5:v>o ;!JDXfl::iSil^T? i.o*JSST-f4. MJit^^ 

i&^T^fi^mt, m^mm eoo ~iooo'c. j^m^-. 0.3 ~4oo kHz ;a5^ffi-r't-5o w 

iaS^s 800t:{c:Jilfc/iV>i::^-;^x-^.f h<b:JS^-1-5)-t?$> 9 :5^l000'C«rja^5 
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±m(ommmt uyt®*,. mtmm^nox. mmu^m<t^'^s mmm^^^±^'^ 

So :i(D^(Dm.itfim^m-ii. soo-eso toMSiSHtfi-ioo i^fSi, ^itnm^^i^ 

mitu&a^ soo'cjcimfcjfev^i, mmi>m^KA*)m<. -{'^^mitibmibfj:\^\ 
mmmi 

m 1 \^^i-^^mM\zfj:?,mu^. w&m^. m 2 ic^i-^^-ctaw^ist eo x eo x 120 

^umf'&m^m:is^xmnmKoy^^xm^tcmm^m2{c^m-r^o 'Sj*?. MUBSist 
i^f;i*3fts^^fifa. mmwmm^mKxv), m&m(Dmm%m^ o.3tvxmmi.±o t. 

fc. WJttfi, ^Mmnmm.x<DniMcm^i!iK j i sgs 1 0 KDSCUtm^^ftn^^ 
^1000 MPa^:V^5^tbfe5ilS:as#b^^5;rc^t-e)5:<, (HlifeftJf3g^!aap^550 MPa a:v^5 
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mmm2 

m 3 K^-r^j^m^\^^^mu^. i^mm^. m 4 i3:^i-^#-emBg«e5t 60x60x120 
mufco ov>-c\ mm^ifM^f^ma^s mi^mM-. 900 1:, mtSim:i2 kHz©^# 
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mmm3 

>'^-r hj^^ *fctt*i@;6S7|immT<^7 3i7-Y ht-fe^>'^'>f ht^^—y^ hmWttl.fz. 
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1 . C : 0.3 ~0.8 niass%^ 

Si : 0.01-^0.9 ma3s%iSi:X^ 
Mn : 0.01~2.0 mass% 

^•^^L. muitFe^xxfyFWM&^^mm(Dmm<^^j:^ s mmiK n.m^7 um&,T(D 

Mo : 0.05~0.6 mass% 

Al : 0.015 ~0.06inass%^ 

Ti : 0.005 ~0.030 mass%v 

Ni : 1.0 mass%eiTx 

Cr : 1.0 mass%£AT> 

V : 0.1 mass%]silT. 

Cu : 1 . 0 inass%etTs 

Nb : 0.05mass%^^^T^ 

Ca : 0.008 mass%£tT*5 J;t;« 

B : 0.004 mass%^T 

(o 5 -^it^ibmAy-fs: 1 myitis: 2 m&k±^^m-r^m^K:fs:?> r t ^n^mt-r^m^Bkm 

Al : 0.015 ~0.06niass%. 
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Ti : 0.005 ~0.030 niass%^ 
Ni : 1.0 niass%e;T^ 
Cr ; 1.0 mass%£lTx 

V : 0.1 inass%mTx 
Cu : 1.0 mas5%iJiTx 
Nb : 0.05mass%^T. 

Ca : 0.008 mass%£tTd3J;tJ« 
B : 0.004 inass%etT 

8. tS*«7©IWl-:fev^T. 

Al : 0.015 ~0.06inass%^ 
Ti : 0.005 ~0.030 mass%^ 
Ni : 1.0 niass%etT> 
Cr : 1 . 0 inass%fiATx 

V : 0.1 inass%eiT^ 
Cu : 1 . 0 mass%eiTx 
Nb : 0.05mass%JJJlT^ 

Ca : 0.008 inass%£JlT*5 iT^ 
B : 0.004 mass%isAT 

10. C : 0.3 ~0.8 mass%. 

Si : 0.01~0.9 niass%*5j:U? 
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Mn : 0.01~2.0 inass% 

^^mv. mm-iF&iies^x^yfsi-M^:^mm(Dm^izfj:^mmu^. 55o~7oo x^tom. 

Mo : 0.05~0.6 mass% 

Al : 0.015 ~0.06mass%^ 
Ti : 0.005 ~0.030mass%^ 
Ni ; 1.0 mass%£^T^ 
Cr : 1.0 mass%^T> 

V : 0.1 mass%eilT. 
Cu : 1.0 mass%£ilTv 
Nb : 0.05mass%e^T. 

Ca : 0.008 inass%£AT*3 itJ? 
B : 0.004 inass%eAT 

1 3. ft^^l 1 JCfcV^T. 
MBU^. 550~700 

14. if^^l 3fc::}oV>T. 

Al : 0.015 -^0.06111333%, 
Ti : 0.005 ~0.030 mass%, 
Ni : 1.0 iaass%£;T^ 
Cr : 1.0 xaass%UT, 

V : 0.1 mass%£;T. 
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Cu : 1.0 mass%JiATx 
Nb ; 0.05niass%J£tT^ 
Ca : 0.008 nia8s%£iT*5 itJ? 
B : 0.004 mass%eiT 

1 5. m^^l 1{^:*5V^T. 

mmui:. 55o~7oo 'ctom^m-^. m^7!>n,o et±©*nxsrifeb. i.7!)>^mz.mm 

1 6. B^^^l 5lC*3VN-C. m^W^ ^^iZ 
Al : 0.015 ~0.06mass%. 
Ti : 0.005 ~0.030 mass%^ 
Ni : 1.0 mass%J!siT^ 
Cr : 1.0 mass%etT^ 
V : 0.1 inass%JiATx 
Cu : 1.0 mass%£;Ts 
Nb : 0.05niass%etT> 
Ca : 0.008 niass%4JtT*3 J;TJ« 
B : 0.004 inass%e;tT 
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